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1.0 SCOPE AND BACKGROUND

This report describes work performed and some interim results
achieved through February 1976 on the IR Atmospheric Measurements

Program.

The program consists of a series of instrumented observations in-
tended: a) to characterize certain optical properties of earth's atmosphere
and b) to demonstrate the feasibility of routinely determining the thermal
signatures of deep-space earth satellites with an existing sensor at AMOS.
Work was begun by AERL in July 1975 in accordance with DARPA contract
F30602-75-C-0235 as directed by DARPA's agent: RADC. The program,
which was recently modified, is now scheduled to be completed February

1977.




k. _ 2.0 LONG INTEGRATION SIGNAL PROCESSING - TASK 4.5

.F_ Modifications to the signal conditioning and recording facilities of an
E existing long wave infrared sensor, AMTA, were authorized with the

: intent of enabling observations of faint deep-space satellites to be made

| with it routinely. AMTA, like all LWIR point-radiometers used under atmo-
! : sphere for space observations, is limited in precision by fluctuating emission
from both warm atmosphere and optics. At AMOS these two sources produce
four to five decades greater flux level, at the detector surface, than typical

: | targets. The line of sight of one or more AMTA detectors is deviated by an

! oscillating mirror to alternately encompass and exclude the target. AMTA's
scan mirror is driven to follow a 45 Hz square-wave which toggles the line

3 : of sight 24 arc seconds, an angular distance corresponding to the detector

A spacing. In the absence of a target, thermal eddies in the atmosphere affect
a noise-like detector output which must be integrated to produce a smooth
mean value so the target, when present, will obtrude.

pre g

] Although the spatial distribution of radiant structure in the atmosphere
E was of intense interest to the IR community in the state 1950's, rather little

1 is available by way of study reports today. Most of this material has been
declassified and automatically destroyed. The Weiner spectrum(1) is one .
enduring description; it predicts the power spectral density of noise, pro-
duced by a slot scanning the atmosphere, will vary inversely with the square z £
of spatial frequency. It has been suggested(2) that a corner ought to occur '
| between one and ten cycles per radian, below which the spectrum is uniform.
| This description suggests that the noise recorded during an observation ought

R

to be highly correlated between detectors which are separated by, at most,
550 yradians. The background is expected to trend monotonically across the
array and first order differencing between adjacent 'identical' detector
channels.should eliminate the influence of atmosphere.

* J .

Figure 1 shows how this is accomplished with AMTA. Owing to the 4
toggling motion of the scan mirror and the large scale structure of back- =
ground granularity, most of the detectors (for this illustration) output 45 Hz }
signals whose components are in phase between detectors. Detector channel

1. University of Michigan report #JRIA 2389-7-X (July 1957).

2. D. Korff, private communication.
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#7 is subtracted from channel #13, therefore, background contribution from
the two interfere destructively; if the radiant gradient is uniform and the
detectors are identical, cancellation is complete. On the other hand, target
signals from the two are out of phase to begin with so subtracting #13-#7
sums target contributions. Fine atmospheric structure, photon arrival
fluctuations, amplifier and detector self-noise is uncorrelated between chan-
nels, therefore, using a pair of detectors improves S/N by #/2. Unless the
detector channels have identical responsivities, there will be a mon-zero
average for the difference, #13-#7, even in the absence of a target. To
overcome this effect the telescope line of sight is shifted to put the target

on a second pair of toggling detectors for an equal amount of observation
time. The change in the mean value of the signal history for each pair, pro-
duced by moving the LOS, is attributed to target and no observation time is
lost while background is measured because the target is always in view.

Satellites and R/V's at slant ranges of 2500 km or less can be thur-
mally characterized with a few seconds of data while small objects in syn-
chronous orbit will require 103 seconds or longer. Satellites in Keple:iian
orbits provide the required observation time. (In principle, synchronous
satellites can be observed indefinitely.) Unfortunately, AMOS experience
teaches that background statistics are apt to be non-stationary over periods
longer than an hour. Double differencing using 'tare' detectors helps to
compensate for long term trending of the mean gradients of atmospheric
radiance.

Figure 2 shows the organization of signal conditioning and recording
hardware. Four such two-detector signal processors comprise the long
term averaging system. The band pass filter, illustrated in the figure, is
optional. The analog to digital converter is a precision unit with 16-bit
resolution which reads the first integrator 45 times per second. Two types
of software are available: FAST and SLOW modes. For the first named,
the summation register acts as a buffer storage only, and 45 readings for
each of four processors is recorded on nine-track digital tape each second.
The SLOW mode permits real-time TTY interaction and recording with
some sacrifice in time resolution: The average of 45 readings is recorded
on tape once each second for each processor. The TTY will printout the
average of the difference between (pre-selected) pairs of processors once
each (preselected) averaging time. The minimum averaging time for this
mode is ten seconds; the maximum is 104 seconds.

During the course of long observations the background signal, outputted
by the first integrator, has changed by as much as a volt per hour (trending)
while 1020 w . ¢cm=-2 target irradiance (a measuring goal) produces 1.7 to
2.0 x 10-5 volts. Seventeen bits are required to encompass this range. The
16-bit converters thus provide a 2 x 10-20 w - c¢cm~=-2 uncertainty per reading.
In principle, the mean value of a set of readings may be determined with
greater than the encoding resolution by averaging. For example: if two
value-adjacent (separated by one least significant bit) digital estimates ex-
actly straddie the actual mean value the least significant bit will be 'lit' for
exactly 50% of the sample readings. The average of sixteen readings should

R g e
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yield one additional bit resolution with 90% confidence. Sixteen-bit precision
converters are available from two manufacturers. The only available con-
verter with higher resolution is a state-of-the-art oven stabilized digital
voltmeter, manufactured by Hewlett Packard, which offers one microvolt
resolution over a + 1 volt range (equivalent to 21 bits). One such instru-
ment was incorporated into the system to monitor the performance of the
other converters. Its BCD output, which represents a 1.1 second averaged
reading is recorded once every two seconds along with the other data. The
HP voltmeter is generally left in parallel with the 16-bit converter monitor-
ing the detector pair closest to the nominal telescope line of sight.

Data processing includes calculating standard deviation, mean value
and least-squares fit to first order trending with time for the average values
obtained per telescope LOS dwell time. This is typically ten seconds so the
16-bit value is the average of 450 readings while the HP value is the (second)
average of only five readings. Nevertheless, the HP values generally have
10% smaller normalized mean deviation for signal flux near threshold for
five minute observations.

No manufacturer will describe the performance of an encoder, a
voltmeter, or A/D converter beyond its LSB resolution. We tested the 16-
bit units with signals incremented in steps smaller than LSB during system
tests and again during operational tests at AMOS. The units did exhibit the
ability to interpolate.

The key limitation to long term averaging is the accurate identifi-
cation of all sources of trending. For this reason the detector bias voltage
bus and the 'absolute' value of detector signals is impressed on the same
nine-track tape. Changes in apparent sky brightness can be deduced from
the absolute value history. Effective quantum gain for the photoconductors
is a function of detector bias which controls charge mobility. Although the
bias bus is reasonably well regulated, changes have been observed during
long integration missions.

The nine-track record also includes radiometer filter number,
Univereal time from the observatory time code generator, three event flags
and a typed-in initializing statement which identifies the mission name,
date and detector channel assignments.

Calibration is accomplished by directing exitance from a chopper
modulated reference black body into the telescope entrance aperture. The
chopper is phase locked to the system 45 Hz refcrence signal which, at
other times, drives the radiometer oscillating mirror. The reference
source is mounted on the secondary mirror support structure of the 1.2
meter telescope. A remotely commanded mirror directs black body energy
into the telescope as required. In practice, the dwell time for this mirror
is adjusted to correspond to the dwell time employed for the on and off-axis
detector channels by the telescope LOS during the mission. Atmospheric
extinction is determined by observing standard stars and by best-fitting an
absorptance model to sky radiance gradient data obtained in near real time.
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2.1 RESULTS

LWIR flux from certain stars, two asteroids and a number of deep
space satellites were measured with the new system in January 1976. Some
results are presented here:

Long Integration

Intensity
ADC # Date Time Name Range Elev. Filter w - ster-l
6356 24 January 10:40 Moly 1-23 37500 39.5° 5 530 + 120
7625 23 January 08:15 COS #706 40440 52.5° 5 360 + 160
6356 22 January 09:30 Moly 1-23 29900 39.8° 5 730 + 250
83564 22 January 09:59 DSP 39223 23.0° 5 450 + 360
83564 28 January 08:10 DSP 39270 23.1° 5 640 + 136
83564 28 January 08:30 DSP 39269 23.1° 6 <410

The intensities recorded were obtained with < 600 seconds integration.

DSP is a U.S. satellite in synchronous orbit while the others are USSR ob-
jects in highly elliptical half-day orbits. The 20 ym (filter #6) bounding
value listed for DSP represents the standard deviation about the background.
The signal history showed no repeatable increase when the FOV encompassed
the target during the observation. The results of an earlier observation of
Molniya 1-19 is shown in Figure 3.

Infrared observations were made of the following astronomical ob-
jects:

Star Name AMTA Filter # Objectives

p And 2,5,6 Calibration and extinction determination
a Tan 2,5,6 " £ o

R Leo 2,5,6 o i o

R Hya 2,5,6 " " "

MNL Cyg 5,6 - " "

L Per 5,6 Long average observation

8 Tan 5,6 " " "

y Hya 5 " " "

sl

e o
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Star Name AMTA Filter # Objectives

f Her 5 Long average observation

T Pup 5 " " "
Asteroids AMTA Filter # Objectives

Ceres 2,5,6 Temperature measurement test
Juno 5' 6 " 1" "

Vesta 2,5,6 i Y "

The first five are bright, familiar, infrared stars which, with the
exception of p And, are used for AMTA calibration in support of observa-
tions generally not requiring integration beyond one second. The signatures
obtained for a Tau, MNL Cyg, R Leo and R Hya were repeatable night after
night within + 2% and correspond to catalog values(3) (4) within + 9% for
filters #5 and #2. Correspondency at 20 ym (filter #6) was considerably
poorer: + 58% or 0.5 stellar magnitudes. This is probably due to incorrect
atmospheric extinction assumptions bcth at AMOS and at U. Arizona. Con-
siderably fewer m( observations are published than either mN or my.
AMOS brightness results for § And compare well with recent observations
by F.J. Low and G. Rieke (5):

3. Heath, J., AMOS Star Library, Lockheed Missiles and Space Company,
Inc. (April 1974).

4. F.J. Low, Sky Survey, Semi-Annual Technical Report, AFCRL #70-0179
Univ. of Arizona (15 March 1970).

5. N. Carleton (editor), Methods of Experimental Physics, Vol. 12,
Astrophysics, p. 453, Academic Press, N.Y. (19;;15.

11
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The temperatures listed are calculated by fitting the indicated two color
spectral irradiances to a black body. B And is listed(6) as spectral type
MO 11I star, which suggests(7) a visual color temperature of 3200°K, and
as a suspected variable, (6) which might easily account for the different
apparent temperatures observed.

The next five stars listed in the observation table are much fainter.
These were selected to demonstrate that familiar visual stars which are
known to be stable and free of spectral trauma (principally class V, sun-like
stars) should have predictable signatures in the LWIR. If this proves to be
true, such stars provide useful calibration standards now that long inte-
gration has produced the required sensitivity. Figure 4 relates visual
brightness to 8 to 13 ym irradiance for normal stars by spectral type. By
way of example, note that a sun-like star (5800°K) with brightness my = 3.5
is expected to produce 3:1 S/N at 10 ym with ten second integration. Ex-
cepting 6§ Tau, none of those observed are listed in our rather extensive
LWIR star catalogs. Reference 6, which describes observations made before
March 1970, reports mN = +2. 55 for this star. Our own measurements in-
dicate my = +1.50 and these results repeat within 0. 3 stellar magnitudes.

Of the three asteroids observed two, Ceres and Juno, yield temper-
ature and diameter estimates while 'Vesta' exceeded background only for
5 pm (filter #2). I suspect we were actually looking at an my = +8. 9, KO
star (GC 818). The apparent surface temperature of the asteroids Ceres and
Juno was measured using the newly installed system. Multicolor data from
20 and 22 January observations were also used to determine size and surface
albedo for these objects. The newly developed atmospheric extinction models
were used for filter #6 data.

radius, km
mph(lo’ amos | Allen!” | Range, km'? | Temp®k | og
Ceres | +7.7 | 409434 380 | 3.049 x 10° 235+7.4°K |0.86
Juno +9.6 155433 100 | 2.693 x 10° 215+18.3°K | 0. 51

It is assumed that these objects radiate as grey bodies between 8 and 22 ym
with emissivity something like earth's moon, i.e.: €TH = 0.89.

6. Hoffleit, D., Catalog of Bright Stars, 3rd Ed. Yale University Observ.
(1964).

7. C.W. Allen, Astrophysical Quantities, 3rd Ed. p. 206, Univ. of London,
Athlone Press (1973).

8. American Ephemeris and Nautical Almanac for 1976, U.S. GPO.

12
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In the regime where eCZAT >»> 1 spectral intensity of thermal
radiators is exponentially proportional to inverse temperature, and ob-
versely, temperature is given by

I -1
o Al A :
F = [Kl ln —Ikz + KZ] . I)Ll and I)\2 is intensity at A1 and A2.

For AMTA filters #5 and #6 K} = -1.8833 x 103 and K2 = 5.0602 x 10°3,
as determined from baseline measures of instrument parameters, where
T is in °K. Spectral intensity (or exoatmospheric irradiance) was estab-
lished by instrument response to known black body exitance and correcting
for atmospheric extinction. Temperatures listed in the table are the aver-
age of four permutations of two data sets, for each color, for each of two
detectors. Area is calculated directly from exoatmospheric irradiance
because range is known. (8) The objects are assumed to be spherical.

Albedo is calculated from the temperature as follows: for passive
grey bodies in equilibrium with solar radiation, temperature goes with in-
verse square root of solar distance and the maximum temperature a grey
body can reach is 393. 69K/NR; where R is solar distance in A. U. The
measured temperature, a function of the optical properties of the surface,
is given by:

4
So ag = 0 €npy 2y
where Sy, as, 0 and €Ty are the solar constant, effective absorptance of
the surface for solar radiation, Stefan-Boltzmann constant and thermal
(total hemispheric) emissivity, respectively. For grey bodies a§ = €TH
and

S 4
T T B (393.6)
max o 2
R
Albedo is then given by
l - Q - l - -_R-Z—'I‘:_ €
S 39376y TH

Cbservation of Ceres, Juno and stars for calibr‘ating the sensor
yielded data for calculating NEFD; some results are given here:

NEFD, Filter #5

Integration Time

Det. # 1 sec 120 sec 360 sec 600 sec
13 182 4.9Z 1.1Z2 0.772
25 132 3.22 2.5Z 0.762

14
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NEFD, Filter #6

R A ki B s

A

Integration Time

Det. # 1 sec 120 sec 360 sec 600 sec

#
bt
Al
b !

‘]

25 26Z 6.2Z 4.32

13 212 3.72Z 2.4Z

The noise equivalent flux density is determined from the standard deviation
about the mean for stellar signals. Popular practice for reporting sensitivity
7 - entails dividing measured s.d. by the square-root of the number of readings;
4 E while this yields a more satisfying result, it is mathematically correct only
for stationary random processes where the individual readings are truly in-
dependent. With long term trends produced by small local weather condition
changes one cannot be certain the statistical properties of the background
remain stationary. Note that these results apply to single detectors: #13
and #25, not combinations of two adjacent detectors discussed earlier. The §
double differencing capability had not been tested during the performance

period covered by this report.
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3.0 ATMOSPHERIC EXTINCTION SCALING - TASK 4.1

Thermal observations of foreign satellites can yield important mis-
sion clues. The effective surface temperature of operational satellites may
be determined by making multi-color measurements of thermal exitance.
When such observations are made from beneath atmosphere extinction cor-
rection uncertainties at long wavelengths can seriously limit the validity of
conclusions. The principal source of uncertainty is the amount of H20,
which strongly affects absorption in the Q-window (16-23 ym) region, along
the line of sight. On mountain tops, where abrupt weather modifications
are common, water vapor content changes so rapidly that extinction, deter-
mined by observing stars, may not be applicable to a satellite measurement
made an hour later. During the course of such observations we have re-
corded a monotonic increase, with increasing zenity distance, in LWIR
radiometer output when the instrument is looking at clear sky. This signal
at 20 ym is principally due to thermal emission from atmospheric water
vapor.* By measuring radiance gradient an absorption model may be cal-
culated. Moreover, if the radiometer is arranged to provide an absolute
measure of background radiance, extinction may be deduced for a satellite
mission even when there is no orderly relation between absorptance and
zenith distance.

To prove this concept facilities for measuring and recording mean
detector resistance for ten detector channels were incorporated into the
AMTA system. This facility shares a tape recorder, rack space and a
minicomputer with the long period averaging system described earlier in
this report. Resistance (actually d.c. detector output) is monitored, digitized,
multiplexed, averaged and recorded on nine-track digital tape along with the
contrast data from astronomical and satellite observations without interfering
with or degrading AMTA performance in any way. The hardware was installed
at AMOS in December 1975 and became operational in January. Figure 6 is
a system block diagram of the extinction measuring add-on for AMTA.

The d. c. output of each of ten detectors is digitized with 12-bits per
ten volts resolution, eight times each minor scan cycle. The four readings
for each of the two scan mirror positions are averaged and recorded sepa-
rately. This produces ninety recorded readings, each second, for each
detector. These numbers are retrieved from tape and averaged to any de-
sired degree of smoothness along with the mission data. An eleventh 12-bit
A/D converter monitors detector bias which is also recorded on tape ninety
times per second.

*See Figure 5.
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Figure 6 AMTA ADD-ONS for LTI and Atmospheric Extinction
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Detector voltage is related to absolute radiance by means of the
same black body reference source used to interpret mission data. To un-
wind instrument bias and off-set due to emission of the optics the sensor
filter wheel is rotated to block all detectors with an opaque port refrigerated,
like the filters themselves, to ~40°K. The detector array lies at the bot-
tom of a cylindrical low reflectance light shield and is maintained at 11° to
14°K. The array semiconductors will not respond to photons less energetic
than 22 ym; the blocked light shield thus establishes the 'zero photon' de-
tector resistances. Next, the blocking port is replaced with the interference
filter(s) to be used during the mission; (the AMTA filter wheel is remotely
commanded and its disposition is automatically recorded on the data tape
once each second) and the telescope dust-covers are closed. The resulting
detector outputs represents response to the optical train exitance with as-
sumed unity emissivity. The calculated emissivity for all cascaded optical
surfaces which are not refrigerated is € = 0.205. This value is applied to
the difference between the dust cover reading and the blocked detector read-
ing to establish what fraction of the output, recorded during the measure-
ment, to attribute to warm instrument optics.

In January 1976 tests were conducted with the newly installed hard-
ware to confirm the validity of relating atmospheric brightness to trans-
mission. Measurement procedures were described in MIOP 015 (Mission
Instruction and Operational Plan) distributed at AMOS. The data taken in
January did produce a plausible zenith distance related expression for atmo-
spheric extinction but sufficient 'standard star' observations to fully validate
the model were not undertaken, due to press of other work. The model at
20 ym (filter #6) assumes, since most of the water is in the first 2 km above
AMOS, that a temperature scaled 1.4 km above altitude can be assigned to
the dominant radiating constituent and that the output produced by looking
just above 0° elevation is representative of total absorption (€ = 1.0).

The data tapes were reduced in Everett where software for computing
extinction from spectral radiance data was completed and exercised with
""'sky scan'' radiance data obtained from AMOS as a result of January activities
there.

The apparent spectral radiance of the atmosphere is attributed to its
effective temperature and emissivity. A radiance gradient measurement
will yield emissivity and transmission since 1 - €(A) = 7(A). Transmission
as function of elevation angle is given by

TQA) = exp -5 =L
(T,-: sin 1-:1)

above = 10° elevation (4 air masses at AMOS). Py, P, are atmospheric
pressure at the altitude of the observer and sea level respectively; and
B(A) is a number, < 1.0, depending upon the concentration profile of the
absorbing medium and whether the line absorbers are saturated. In the

BY for uniform exponential atmosphere (1)
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visible, where extinction is attributed primarily to scattering and the
medium is tenuous for broad spectral intervals, B(vis) = 1.0. In the LWIR
where molecular absorption dominates, and the line centers are apt to be
saturated, theory predicts B(X) 2 0.5. The radiance data obtained in January
seems to bear this out at 19 ym but not at 10 ym.

The data recorded on magnetic tape 22 January 1976 consists of a
time-tagged history of d. c. voltage outputted by five detector channels while
the telescope stepped in elevation from +4° to zenith in accordance with a
prearranged schedule. Since detector channel output change is linearly
proportional to radiance change:

E(EL = E  [1 -TQ)],

e -a(d) .
E(El) = Eo [l - exp 5 ﬁ(X)] and ultimately (2)
— sin Ei
Py
EO pO
ln In -E—o—:—E—(lm = lna(d) - B(A) In (-P—h' sin El) ’

which can be fitted by least squares to the data™ to yield a()) and B(A). E,
is detector response to a black radiator at the effective temperature of the
atmosphere; for 20 ym this is essentially the voltage for zero elevation.
Sky scans were made for filters 2, 5, 6 and 7.

Filter #5 Am = 10.9 ym, AX = 4.1 ym) and #6 Am = 18.9 ym,
AX = 3.3 pym) data was reduced with the new program to yield the following
results:

ad) t o BA) t o

Filter #5 | 0.200+ .006 | 0.372 + .008

Filter #6 1.109 + . 011 0.610 + .028

Zenith 45° Elev. 20° Elev.

Filter #5, 7(10.9 ym) | 0.84+.004 | 0.82+.004 | 0.77 +.004

Filter #6, 7(18.9 ym) | 0.414+.004 | 0.33 +.004 | 0.18 +.008

Air Masses 0. 704 0. 996 2. 058

*See Figure 7 for samples of raw data; detector voltage is plotted against

equivalent sea level air masses for filters 2, 5, 6 and 7.
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Figure 7

Air Masses Related to Detector Output

S S I = TR Rt




The values and scatter for a(A) and B(A) are the averages for five
detectors; Eq. (1) was used to compute transmission.

The sensor was calibrated with a precision black body and then ob-~
servations were made of the apparent 10. 9 um and 18. 9 ym brightness of
the IR star, NML Cygnus, at 470 elevation. Using the average of eight
exoatmospheric brightness values, from astronomical literature, yielded
transmission of 0. 77 and 0. 30 for filters 5 and 6 respectively; this should
be compared to the 45° values deduced from radiance gradient data. Pub-
lished brightness values span 28% about the mean. ** Since this is typical
for IR stars, extinction is more properly determined by following a single
star as it sets through two or more air masses, or by observing several
""standard'" stars at different zenith distances. But there are very few well
observed IR stars with N and Q brightness uncertainties small (compared
to transmission uncertainties) listed in the catalogs. Following rising/setting
stars entails telescope time, which was not available in the press of other
work, and in any event yields chancy results with changing weather.

Filter #2 (5 ym) and filter #7 (18 + 0.8 ym) data from 22 January and
more data for filters #5 and #6 obtained during changing weather on 11
February 1976 and being analyzed. A total of seven sets of additional sky
scans plus accompanying calibrations have been requested.

**Note that the ratio of 7(18. 9)/7(10. 9) reduced from radiance measures
and from star data agree very closely: 0.39 and 0.40 respectively; the
apparent temperature of NML Cyg is better known than its brightness.
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4.0 MEASURING PRECISION CONSTRAINTS

To improve immunity to the AMOS EMI environment, some long
term drift problems attributed to cabinet temperature changes and common
mode response problems, hardware modifications described during the
19 February briefing are being implemented. Fabrication is 20% complete
and an additional twenty man days of labor should suffice to complete this
work.

The sky scan data produced verification of the long reported belief
that radiant structure in the atmosphere limits the sensitivity of a fast-
slewing radiometer. Wind driven eddies are observed at AMOS even when
tracking stars; F.J. Low(5) refers to 'sky noise' which is probably the
same thing. The sky scan measuring procedure in January involved moving
the telescope up from the horizon to zenith in an orderly series of step-
stare operations. Detector resistance (d.c. voltage) was recorded for five
channels in order to chart the relation between apparent brightness and
zenith distance as explained earlier. The highly amplified a. c. outputs
were recorded too. This was done to provide data relating NEFD to zenith
distance, a sort of no-effort aside to the primhary measurement. It turned
out that deviation about the mean background was consistently higher for
'step' than for 'stare'. Standard deviation of the recorded bakcground was
converted to equivalent entrance aperture flux by relating to the output
voltage change produced by the black body reference source. The results
are plotted in Figure 8. The dotted trace is a least-squares fit to the
'stepping' data; the solid curve, which ties the 'stare' points together, is
calculated for 'still-air' sky and shifted upward a factor of six. Note that
above 40° elevation moving the telescope produces a factor of two more
'uncertainty', but conditions wherein motion makes no difference do exist
here while, at lower elevation, motion consistently degraded measuring
precision. On rare occasions measurements near zenith with a fixed tele-
scope have yielded 2.5 x Z NEFD. The results shown with slewing help to
explain why data from satellites in low orbit and data obtained at low eleva-
tion is so unexpectedly 'ragged'. Experiments for characterizing the spatial
frequency density distribution of radiant atmospheric structure (Weiner
spectrum measurements) have been discussed.

As self-scanning (CCD, CID, etc) focal planes develop and extremely
populous arrays become practical, real time clutter cancellation becomes a
distinct possibility. Dave Fried has suggested that, if detector spacing is at
least twice as fine as the finest significant atmospheric clutter, the clutter
in the track direction is completely defined and its interference with a
stationary target becomes surmountable. Weiner spectrum information is
needed to define the required pixel and ‘rame rate scaling.
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Figure 8

Sensitivity with Slewing
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